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(54) Aqueous dispersion for chemical mechanical polishing 



(57) There is provided an aqueous dispersion for 
CMP with an excellent balance between chemteal etch- 
ing and mechanlcai polishing perfonrwince. The aque- 
ous dispersion for CMP of the invention is characterized 
by comprising an abrasive, water and a heteropotyadd. 
Another aqueous dtsperston for CMP according to the 
Inventton is characterized by comprising an abrasive, 
water, a heteropotyacid and an organic add. Yet another 
aqueous dispersion for CMP according to the Invention 



is characterized by comprising colioldal 8ilk» with a prV 
mary partide size of 5-100 nm. water and a heteropol- 
yacid. Preferred for the heteropoiyacld Is at least one 
type selected from among sllkxmtotybdic add, phospho- 
rotungstlc acid. sHicotungstk: add, phosphoromolybdk: 
add and silicotungstomolybdk: add. Preferred for the 
organic add Is at least one selected from among oxalic 
add, malonic add. suodnk: acid, glutaric acid, adipk: ac- 
id, nmleic ecUi, fumaric add, phthaiic add. matte add, 
tartarte add and cttrte acM. 
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Description 

[BACKGROUND OF THE INVENTION] 
5 [Field of the Invention] 

[0001] The present invention relates to an aqueous dispersion for chenr^I n:iechanicai polishing. More spedfbaiiy, 
the invention relates to an aqueous dispersion that is partkailarly useful for chemical mechanicai polishing of ntetal 
layers during production steps for s^iconductor devices. 

10 

[Description of the Prior Art] 

[0002] Improvennents in degrees ot semicondiK:tor device Integration and Increased muttllayer wiring have led to the 
introduction of chemical medianica) polishing (hereunder refen^ to as "CMP*) techniques for polishing of working 

'5 films and the like. As disclosed in Japanese Laki-open Patent Publicatton No. Sho-62-1 02543, No. ShD-84-55845 and 
No. Hei-5-275366, Published Japanese translations of PCT intemattonal publkxation for patent applk:atk>ns No. Hei- 
6-510437, and Japanese Uid-open Patent Publication No. Hel-8-17831. No. Hel-8-197414 and No. Hei*ia44047, 
t^ere are employed nrtethods whereby wiring Is fomned by embedding a wiring nnaterial such as tungsten, aluminum 
or copper In a hole or trench fonned In the insulation film of a process wafer, and then removing the excess wiring 

20 material by CMP. 

[0003] In this CMP process, the chemical etching and mechanical polishing must be effectively incorporated together 
and the balance between the chemical function and mechanical function is important for obtaining a polished surface 
with sufHcientty high precision. 

[0004] Many types of aqueous dispersions have been proposed as compositions for CMP, and In recent yeare par- 
25 tteufar emphasis has been on Improving the chemical etching fun^on. For exantpte, in Japanese Patent Publicatk>n 
No. IHei-6-1 03681 there is disclosed a polishing composition comprising abrasive partk^les, a transitional chelate salt 
end a soh/ent that dissolves the salt. In Japanese Laid-open Patent Publk^tlon No. IHei-6-313164 th«re Is disckmd 
a polishing composition composed of a polishing material comprising an aqueous coltoklai silk:a sol or gel and a pol- 
ishing accelerator comprising a persulfuric acid salt. In Japanese Lakl-open Patent Publication No. Hei-7-233485 there 
^ is described a polishing composition containing aminoacetic ackJ, amidosulfuric acid, an oxidizing agent and water. In 
Japanese Laid-open Patent Pubication No. Hel-11*1 35467 there is described a polishing com pes Won containing a 
tetravalent cerium salt in aqueous solution. In Japanese Laid-open Patent Publication No. Hei-1 0-265766 there is 
described a polishing compositk>n conr^rislng a combination of hydrogen peroxide and a catalytic annount of iron ton. 
However, white these polishing composittons all have greater chmk»l etching ability and hl^er removal rates, the 
35 balance with the mechanical polishing ability is insuffbient, such that the wiring materials undergo excessive etching, 
corroston traces are left on the polishing surfaces, and dishing, thinning and keyholes are produced on plug surfaces, 
creating a problem In that satisfactory finished surfaces cannot be obtained. 

[0005] The mechank^al polishing ability depends largely on the abrasive, and inorganic partk:les such as silba and 
alumina partteles have been conrvnonly used in the prior art Such inorgank: partk:les must be stably cQspersed in a 
40 slurry, but problems such as instability and aggregate fonmation sometimes occur because of reduced colloid stability 
due to additives such as polishing accelerators , sedlmentatk>n in a slurry during storage, and the tike. The aggregates 
produce nicks (scratches) in the polishing surface, and this leads to reduced yields. However, no aqueous dispersbn 
for CMP has yet been proposed that provides both the chemk»l etching ability described at>ove and stability of the 
abrasive in the aqueous dispersion. 

45 

[SUMMARY OF THE INVENTION] 

[Problems to t>e Solved by the Inventton] 

50 [0006] The present invention is a^ed at overcoming the aforementioned problems of the prior art, and It provMes 
an aqueous dispersion for CMP that has an excellent balarK:e between chemical etching and mechanical polishing 
ability. That is, the obje^ of the present inventbn is to provide an aqueous dispersion for CMP with a high removal 
rate that allows efftoient polishing, while also producing minimal excessive etching, thinning, dishing, Ice^oles and 
scratches, to give finished surfaces with satisfactory high predston. 

53 

[Features ot the invention] 

[0(K>7] According to the present invention, an aqueous dispersbn for CMP having constitution described below Is 
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provided to solve the above-mentioned objects. 

[1] An aqueous dispersion forchsmica] niechantcal polishing characterized by comprising an abrasive, mter and 
a heteropolyacld. 

5 [2] An aqueous dispersion for chemicat mechanloat poilshing according to [1] above, characterized tn that said 

heteropotyacid is at least one selected from among sliicomotytKiic acid, phosphorotungstic add, sliicotungstlc add, 
phosphoromotybdlc add and silicotungstonnoiybdk: acU. 

[3] An aqueous dispersion for chemical mechanical polishing according to (1] above, characterized by being used 
for poltehing of a poFtshtng surface with a tungsten film. 
10 [4] An aqueous dispersion for chemical mechanical polishing according to [1] at>ove, characterized by being used 

for polishing of a polishing surface with at least one from among copper fihis, aiumlniffn films, ruthenium filnts, 
tantalum filnns, titanium films and platinum fl^. 

[5] An aqueous dispersion for chemical mechanical polishing according to [1] above, diaracterized In that upon 
contact with the metal layer of a polishing surface, the etching rate of said metal layer is 100 AMiln or less. 
IS [6] An aqueous dispersion for chemical mechanical poHshing, characterized by comprising an abrasive, water, a 

heteropotyacid and an organic add. 

[7] An aqueous dispersion for chemical mechanical poilshing according to [6] above, characterized in that said 
heteropotyacid is at least one selected from among silicomotybdlcacid, phosphorotungste acid, siiicotungsticadd, 
phosphoromotybdlc acid and silicotungstomotybdic acid. 
20 [8] An aqueous dispersion for chemical mechanical polishing according to [6] above, characterized In that said 

organic acid has two or more cart>oxyl groups In one molecule. 

[9] An aqueous dispersion for chemical mechanical polishing according to [B] above, characterized in that said 
organic acid is at least one selected frc^ anrtong oxalic add^ malonic add. succinic add, glutaric add, adipic add, 
maleic add, fumaric add, phthallc add, mailc add, tartaric add and citric add. 
2S [10] An aqueous dispersion for chemical mechanical polishing according to [6] atxsve, characterized by being used 

for polishing of a poOshIng surface with a tungsten film. 

[1 1 ] An aqueous dispersion for chemical mechanical polishing according to [6] above, characterized by being used 
for poilshing of a polishing surface with at least one from among copper films, aluminum films, ruthenium films, 
tantalum films, titanium films and platinum fltms. 
30 [1 2] An aqueous dispersion for chemicat mechanical poilshing, characterized by comprising coltoidal silica with a 

primary particle size of 5-100 nm, water and a heteropotyacid. 

[13] An aqueous dispersion for chemical mechanical polishing according to [12] at^ove, characterized in that said 
colloidal silica Is colloida] siiica obtained by hydrolysis and condensation from an alkoxydiane. 
[14] An aqueous dispersion for diemicai mechanical polishing according to [12] above, characterized In that said 
33 heteropotyacid is at least one selected from among sllicomolybdic add, phosphorotungstic add, sllicotungstic add, 

ptiosphoromotybdic acid and slQcotungstonrratybdic add. 

[15] An aqueous dispersion for chemical mechanical polishing according to [12] at)ove, characterized by further 
comprising an organic add. 

[16] An aqueous dispersion for dtemical mechanical polishing according to [12] above, characterized l9y being 
40 used for polishing of a polishing surface with a tungsten film. 

[17] An aqueous disperBlon for chemical mechanical polishing according to (12] above, characterized by being 
used for polishing of a poSshlng surface with at least one from among copper fHms, aluminum films, ruthenium 
films, tantalum fitms, titanium films and platinum films. 

45 [Effect of the Invention] 

[0008] The aqueous dispersion for CMP according to the Invention has an excellent balance between ^temlcal 
etching and mechanical polishing ability, and when used for polishing of polishing surfaces with metal layers it can give 
highly predse polished surfaces with no corrosion, dishing or keyholes on the polished surfaces. The aqueous dlsper- 
so sion for CMP according to the Inventton is therefore useful for CMP of polished surfaces ^h n>etat layers In manufac* 
turing processes for semk:onductor devices. 

[DETAILED DESCRIPTION OF THE INVENTION] 

S5 [0009] The present Inventkm will now be explained In further detail. 

[0010] As the "abrasNes" tn the aqueous dsper8k>ns for CMP (hereunder refenred to sknpty as 'aqueous disper- 
sions") according to the invention there may be used one or mora types from en>ong: 
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[norgank: particles composed of silica, alumina, titanla. zirconta. ceria or the tllce; 

organic particles composed of styrene-based copolymers, acr^ copolymers or the like; arid 

organkiyinorganic composite particles composed of these organic particles and inorganic partides. 

5 [0011J As inorganic particles there are preferred high-purtty inorganic particles. Specific ones include partldes of: 

silica, alumina* titania or the tlice whteh are synthesized by a fumed method In which oxygen and hydrogen are 
reacted with silicon chloride, aluminum chloride or titanium chloride in a gas phase, 

silica, alumina or tttania which are synthesized by a sol-gel method in which a nr^tat alicoxide is hydrotyzod and 
10 condensation Is canied out for the synthesis, and 

silica, alumina or titanla which are synthesized by an inorganic colloid method in which the Impurities are renrujved 
by purtficatton. 

[001 2] As organk: particles there may be used particles composed of: 

15 

(1) Polystyrene and styrene-based copolymers, 

(2) (Meth)acryllc resins such as potymethyl methacrylate and (meth)ac^ic copolymers, 

(3) Polyvinyl chloride, potyacetal, saturated polyesters, polyamldes, polylmides, potycart>onates andphenoxy ros- 
ins, and 

20 (4) Polyolefins such as polyethylene, polypropylene, poty-1 -butene and poly-4-methyl-1 -penteno, end olefin-based 

copotynners. 

[001 3] These organic particles may be produced by emulsion polymerization, suspension polymerization, emulsifying 
dispersion, putvertzatlon and the like. 
S3 [(M)14] The organk: partldes used may be composed of a copolymer with a crosslinked structure, obtained by syn- 
thesis of the aforementioned polymers In the presence of dlvinyl benzene, ethyleneglycol dimethacrylate or the like. 
There may also be used organic parttotes composed of thenDosettlng resins such as phenol resins, urea resins, mela- 
mlne resins, epoxy resins, alkyd resins and unsaturated polyester resins. 

[(Kh5] The aforementioned "organk^inorgante composite parttoles'' ntay consi^ of organic partk^les and inorganic 
^ particles fonned integrally to an extent so as not to easily separate during the CM P process, and there are no partknjlar 
restrictions on their types or structures. As organic^norgank: composite partk:te8 (hereunder referred to ea "connposittt 
partkiles') there may be used particies fomned by potycondensation of an alkoxysllane. aluminum alkoxlde, titanium 
alkoxide or the like in the presence of polymer particles of polystyrene, polymethyt methacrylate or the like, and boncDng 
of polysiloxane or the tike on at least the surface of the polymer partk^les. The resulting polycondensate may be directly 
35 bonded to the functional group of the polymer partk:les. or it may be bonded via a silane coupling agent or the like. 
[0016] For production of the compose partk:le3, sllk» partldes or alumina partk:les nrtay also be used instead of an 
atkoxysilane. These may be held by Intertwining with the polysiloxane, or else they may be chemk^ally bonded to the 
polymer particles by their functional groups, such as hydroxyl gmups. 

[0017] The composite partldes may be the partk;les c<Hnposed of organk; parttoles and inorganto partk^les bortded 
40 by electrostatic force, which are formed from an aqueous dispersion containing organk: partldes and inorganic parttoles 
with zeta potentials of opposite signs. 

[0018] The zeta potentials of orgcmto parttoles are usually negative across the entire pH range, or across a wide pH 
range except for the low pH range; however, by using organto parttoles with carboxyl groups, suifonto add groups or 
the like, it is possible to obtain oiganto parttoles with a nrnsre definite negath^e zeta potential. Organto partldes with 

45 amino groups and the Dke have a posith^e zeta potential in specifto pH ranges. 

[0019] On the other hand, the zeta potentials of Inorganto parttoles are highly pH-dependent and have an isoelectrto 
point at whtoh the potential is zero; the sign of the zeta potential reverses at around that point 
[0020] Thus, by combining specifto inorganto parttoles and organto parttoles and mixing them In a pH range at whtoh 
their zeta potentials are opposite signs. It Is possible to fomn an integral conrq^osite of the Inorganto parttoles and organto 

so parttoles by electrostatto force. Or, the zeta potentials may be of the same Blgr\ during the mbcing, and the pH adjusted 
thereafter so that the zeta potentials of the Inorganic parttoles and organto parttoles are of opposite signs, thereby 
allowing Integratton of the inorganto parttoles and organic particles. 

[0021] The organtoflnorganto composite parttoles used may be prepared by polycondensatton of an alkoxysllane, 
aluminum alkoxlde. titanium alkoxlde or the like In the presence of the partldes Integrally composed In this manner by 
S3 electrostatic force, and bonding of polysiloxane or the like on at least the surtace of the parttoles to fonn a conposlte. 
[0022] These abrasives nomnally exist in the aqueous dispersion as aggregates (secondary parttoles) composed of 
small parttoles (primary parttoles). The mean parttole size of the secondary parttoles of the aforementkmed abrasive 
is preferably "0.005^ \ijrf. A n>ean parttole size of less than 0.005 \m will sometimes make It impossible to obtain an 
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aqueous dispersion with an adequately high removal rate. On the other hand, a mean particle size of greater than 3 
\um may result in precipitation and separation of the abrasive, hampering efforts to achieve a stable aqueous dispersion. 
The mean particte size Is more preferably 0.01-1 .0 \iTn and more preferably 0.02-0.7 \m. An abrasive with a mean 
secondary a mean particle size of the secondary particles in this range can give a stable aqueous dispersion for CM P 
that has a high removal rate without precipitation and separation of the particles. The mean particle size of the secondary 
particles may be measured lay observation using a laser diffusion diffraction measuring Instrument or a transmission 
electron microscope. 

[QOSb{iiTTie abrasive content may be 0.05:20 Wt4C>, more preferably 0.1 -16 wt%, even nrwre preferabyl6.^l6twt%; 
with respectto thetotal amount of the aqueous dteperslon. If the abrasive corttentlsless Oian 0.05 wt% the Improvement 
In polishing performance wfll t>e insufficient, and if It is greater than 20 wt% the cost is Increased and the stability of 
the aqueous dispersion Is undesirably lowered. 

[0024] For the aqueous dispersions of the invention, "colloidal silica* ntay be used as the abrasive. As the colloidal 
slilca there may be used colloidal silica synthesized, for example, by a fun^ method In which oxygen and hydrogen 
are reacted with silicon chloride or the lllce in a gas phase, a sol-gel method Invoh/lng synthesis by hydrolysis and 
condensation from an alkoxysllane such as tetraethoxy^iane, or an inorganic colloid method in which the irnpurties 
are removed by purification. Particularly prefen-ed for use is colloidal silica synthesized by a sot-gel n^ethod ^ohring 
synthesis by hydrolysis and condensation from an allcoxysltane such as tetraethoxysilane. 

[0025] As allcoxysltanes there may be used, for exanDpie, tetramethoxysllane, tetraethoxysilane, tetra-n-propoxy8(- 
lane, tetra-iso-propoxysilane, tetra-n-butoxysilans, tetra-iso-butoxysltane. methyitrimethoxysilane. methyltriethoxysl- 
lana, ethyltrimethoxysilane, ethyltriethoxysilane, n-propyltrimethoxysllane, n-propyltriethoxysilane, iso-propyltrlmath- 
oxysllane, Iso-propyltrtethoxysilane, n-butyttrimethoxystlane, Iso-butyltrlmethoxysilane, Y<:hioropropyltrimethoxysi- 
lane, y -chloropropyltriethoxysilane, 3,3,3-trifiuoropropyltrimethoxy8Hane, 3,3,3-trffluoropropyltr1ethoxys«ane, f^lycK 
doxypropyltrimethoxysHane, y-glycldoxypropyldimethoxyaHcylsilane, T^lycidoxypropyltriethoxysllane. y-glyc^xypto- 
pyldiethoxyallcyisilane, 7-methacryIoxypropyltrimethoxysilane, y-methaciyloxypropyltriethoxyBflane, y-nnercaptopro- 
pyltrlmethoxysllane, y -mercaptopropyttriethoxysHane, y -aminopropyftrimethoxysilane, y -aminopropyltrlethoxysilane, 
vinyltrimethoxysilane. vlnyltrf ethoxysllane, phenyltrlnnethoxysllane. phenyttrlethoxysilane, 3,4-epoxyeyclohexyl6thyttr1- 
methoxysliane, 3,4-epoxycyclohexylethyItrlethoxy8ilane. dimethyldlmethoxysllane, dimethyldiethoxysitane and dl- 
ethyldlmethoxysilane 

[0026] Particularty preferred among these are tetramethoxysllane, tetraethoxysilane, tetra-tso-propoxysilane, tetra- 
n-butoxysilane, tetra-iso-butoxysiiane, methyitrimethoxysilane, methyltrlethoxysilane, ethyltrimethoxysilane, ethyltri- 
ethoxysilane, n-propyitrimethoxysiiane, n-propyltriethoxysilane. Iso-propyttrlmethoxysilane, Iso-propyftrlefthoxysilar^, 
n-butyltrtmethoxysllane, dimethyldlmethoxysllane, dimethyldlethoxysilane and diethyidimethoxysllane. 
[0027] The primary particle size of the colloidal silica used in the aqueous dispersions of the Invention is 5-1 00 nm, 
and preferably 5-50 nm. If the primary particle size of the colloidal silica Is less than 5 nm It may not be possible to 
obtain sufficient mechanical polishing ability. On the other hand, If the primary particle size is greater than 100 nm 
scratches may tend to more readily occur, and the stability of the aqueous dispersion may be towered. 
[0028] Cotloidal silica with a prtniary particle size in thte range can give a stable aqueous dispersion for CMP with a 
high removal rate, minimal scratching and no precipitation or separation of particles. 

[0029] The mean particle size of secondary particles formed of aggregates of the primary particles is preferab^ 
10-200 nm and more preferably 10-100 nm. With a mean secondary paitide size of less than 10 nm it may not t>e 
possible to c^tain an aqueous dispersion with a sufficiently high removal rate. On the other hand, with a mean secondary 
particle gUzb of greater than 200 nm, scratches may tend to nnore readily occur, and the 8tat>lHty of the aqueous dis- 
persion may be lowered. 

[0030] Colloidal silica with a mean secondary particle size in this range can give a stable aqueous dispersion for 
CMP with a high removal rate, minimal scratching and no precipitation or separation of particles. 
[0031] One such type of colloidal silica may be used, or two or more different types with different primary particle 
sizes or secondary particle sizes may be used In combination. 

[0032] The primary partkHe size may be calculated from the specific surface area by the BET rrrathod. The mean 
secondary parttele size may be measured by observation using a laser diffusion diffraction measuring Instrument or a 
transmission electron microscope. 

[0033] The colloidal silica Is prefer£d)ly of high purity in order to avoid contamination of the polishing surface. Spe- 
cifically preferred is cotloidal silica with a sodium content of no greater than 1 0 ppm, preferably no greater than 8 ppm 
and especially no greater than 5 ppm. If the sodium content Is greater than 10 ppm. the polishing surface may be 
contaminated by sodium during use of the CMP slurry. 

[0034] The content of colloidal silica according to the Invention maybe 0.05-20 wt%, preferably 0.1-15 wt% and more 
preferably 0.1-10 wt% with respect to the total amount of the aqueous cispersion. If the colloidal silica content Is less 
than 0.05 wt7o the improvement In polishing performance wilt be insufficient, and if It Is greater th^ 20 wt% the cost 
Is increased and the stability of the aqueous dispersion is undesirably lowered. 
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[0035] Tho medium tor the aqueous dispersion of the invention may be water or a mixed medium composed mo^ 

of water (such as a mixture of water and methanol), but water a!cne Is particularly preferred. 

[0036] As the "heteropolyadd* to be included In the aqueous dispersion of the Invention there may be used an add 

produced by two or more metals among potyaclds formed by condensation of inorganic adds. As the nrtain atoms of 

the polyacid forming the heteropolyacid there may be mentioned Cu, Be, B, Al. C, Si, Ge, Sn, Tl, Zr. Ce, Th, N, P, As, 

Sb, V, Nb, Ta, Cr, Mo, W, U, S, Se, Te. Mn. I, Fe, Co. NI, Rh, Os, ir and PL Among these are preferred V. Mo and W. 

[0037] As the heteroatom to be combined with the aforementioned main atom there may be used a metal from among 

Cu. Be. B. A1 , C. SI. Ge, Sn, 11. 2r, Ce. Th, N, P, As, Sb, V, Nb. Ta. Cr, Mo, W. U. S, Se, Te, Mn. 1, Fe, Co, Nl, Rh, Os, 

Ir and Pt, which is different from the aforementioned main atom, and SI and P are preferred. 

[0038] As specific examples of heteropolyaclds there may be mentioned sillcomotybdic add, phosphoromolybdic 

acid, sllicotungstic add, phosphorotungstic add and sllicotungstomotybdk: add. 

[0039] For polishing of polishing surfaces with tungsten films, slllconrolybdlc add, phosphoromolybdic add and ei»- 
Icotungstomolybdlc add are partknitarty prefenned. 

[0040] The amount of the heteropolyadd to be used for the aqueous dispersions may be 0.1-16 wt%. preferably 
0.2-1 0 wt%, more preferably 0.5-8 wt%. even more preferably 2-8 wt% wl^ respect to the total of the aqueous disper- 
sion. 

[0041] If the heteropolyadd content is less than 0.1 wt% the removal rate of the aqueous dispersion will not be 
adequately increased. However, suffident Improvement In the removal rate Is achieved with a content of 16 wt%. At 
greater than 16 wt%, corrosion occurs in polishing surfaces and an undesirable risk is therefore posed In tenre of 
handling. 

[0042] The heteropolyadd nnay also be used In combination wfth a base to form a sail. AKematively, the heteropol- 
yacid and/or its salt may be dissociated either partially or completely In the aqueous dispersion to include ions. 
[0043] The aqueous dispersions for CM P of the invention can exhibit high performance by containing only the afore- 
mentioned abrasive, water and heteropolyadd. but depending on the purpose they may also contain other addith^es. 
Such additives Include oxidizing agents other than the heteropolyadd, adds other than the heteropolyadd. bases, 
surfactants, viscosity adjusters, and the Hke. 

[0044] By Including an "add" ft Is possible to further improve the dlspersabiltty. stability and rwnoval rate of the 
aqueous dispersion. The add Is not particularly restricted, and any organic acki or inorganic add may be used. 
[0045] As organic adds there may be nrtentioned para-toluenesulfonic add. dodecytbenz^esulfonlc add. isopre- 
nesulfonic add. gtuconk: add. lactic add. citric add, tartark: add, malb add, gtycolk: add, malonic add, fomrtto add. 
oxalic acki, succinto add, fumark: add, maleic add and phtha&c add. Preferred anrx>ng these are organic adds with 
at least two carboxyt groups in one molecule. As specific examples of preferred oi^ank: adds there may be menttoned 
oxalic add, nrtalonic add. sucdnic add. glutaric add, adipte add. nnaleic eckl, funnarto acM. phthaUc ec\d, maUc add, 
tartaric add and citric add. These organic adds may be used alone or In comblnatiorts of two or more. 
[0046] As inorgank: adds there may be menttoned nitrk: add. hydrochlork: add and sutfurk: acid, and any one or 
more of these n>ay be used. An organic add and an inorgante acM may also be used In combinatton. 
[0047] The contents of these adds may be up to 1 0 wt%, preferably 0.005-1 0 wt%, nwre pr^erably 0.01-8 wt%. and 
especially from 1 -B wt% with resped to the total of the aqueous disperston. With an organk: add content within these 
ranges It is possible to provide an aqueous dispersion with exceflent dlspersability and sufftelent stability, while It is 
also prefenred from the standpoint of minimizing etching. 

[0048] As •oxWizing agents" there may be used those selected as appropriate depending on the electrochemksal 
properties of the metal layer of the polishing surface, based on a Pourbaix diagram, for exanple. As examples of 
spedfic oxidizing agents there may be menttoned. 

hydrogen peroxide; 

organk: peroxides such as peracetic add, perbenzok: acid. tert-butyfhydroperoxkSe; 

permanganate compounds such as p<^8sium permanganate; 

bichromate compounds such as potassium blchron^e; 

halogenate compounds such as potasskim k)date; 

nitric compounds such as nitric add. Iron nitrate; 

perhalogenate compounds such as perchtorte add; 

transition metal salts such as potasskim ferrlcyankle; and persulfuric compounds st^ as ammonhim persulfate. 

[0049] The content of the oxidizing agent for the aqueous dlsperstons of the Invention may be up to 1 5 wt%. preferably 
no greater than 1 0 wt% and more preferably no greater than 8 wt% with respect to the total of the aqueous disperdon. 
When Induded at greater than 15 wt%. corroston occurs in polishing surfaces and an undesirable risk is therefore 
posed In terms of handling. Though the tower Ifrnit Is not restricted, to exhibit suffident effect the content of the oxIcBzlng 
agent may normally be 1 wl% or more, preferably 2 wt% or more. 
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[0050] The aqueous dispersion for CMP according to the Invention may also contain a "base" for control of the pH 
to improve the dispersabllity, corrosion resistancOt stability and removal rate of the aqueous dispersion. The base \s 
not particularty restricted, and any organic base or Inorganic base may be used. As organic bases there may be men- 
tioned ethylenediamine and ethanolamine. As inorganic bases there may be ntentloned ammonia, potassium hydrox- 

5 Ide, sodium hydroxide and lithium hydroxide, and these bases may be used alone or In combinations of two or mora. 
[0051] The base contents for the aqueous dispersions of the invention may be up to 10 w^^, and preferably from 
0.01 to 8 wt%, more preferably from 1 to B wt% with respect to the total of the aqueous dispersion. 
[0052] As "surfactants" there nr^y be used catlonic surfactants, anionic surfactants or non-Ionic surfactants. As cat- 
ionic surfactants there may be mentioned fatty amines, aliphatic anvnonlum satts and the like. As anionic surfactants 

10 there may be mentioned cart>oxylic acid satts such as fatty acid soaps and allcylether cart>oxyllc acid salts, sulfonic 
acid satts such as alkylbenzenesutfonic acid satts. alkytnaphthalenesuifonlc add salts and a-olefinsutfonic add salts, 
sulfuric add ester satts such as higher alcohot sutfurlc acid ester satts and allcylether sulfuric add satts, and phosphoric 
add ester satts such as allcytphosphork: add ester satts. As non-Ionic surfactants there may be mentioned ethers sudi 
as polyoxyethytene alkyl ether, ether esters such as polyoxyethylene ethers of glycerin esters, and esters such as 

15 polyethylene glycol fatty acid esters, glycerin esters and sorbltan esters. 

[0053] The surfactant content may be up to 5 wt%, preferably no greater than 3 wt% and nrwre preferably no greater 
than 1 wt% with respect to the total of the aqueous dispersion. If the surfactant content Is greater than 5 wt%, the 
polishing performance may be undesirably towered. 

[0054] The polishing surface with a metal layer to be polished using an aqueous dispersion for CMP according to 
20 the Invention may be a polishing surface with at least one type of metal layer from among pure tungsten films, pure 
aluminum films, pure copper films, pure mthenium films, pure tantalum fiims, pure titanium films and pure platinum 
films, as well as ailoy films of tungsten, aluminum, copper, mthenium, tantalum, titanium or platinum with another 
metals, that are fonned on semiconductor bases in manufaduring processes for semicondudor devices such as VLSIs 
and the like. In addition to these metal layers, tantalum nitride, titanium nttrkle and polysiik^n layers that are used for 
25 banier metal layers rmy also be present In the polishing surface. 

[0055] The aqueous dispersion of the Invention may emptoy an appropriate composition suited for the purpose, and 
when the aqueous dteperslon is contaded with a metal layer of a working surface, the "etching rate" of the metal layer 
is preferably "no greater than 1 00 A/min". The etching rate is preferably no greater than 60 A/min, and Mpedally ne 
greater than 40 ^min. The etching rate nray be adjusted by adjusting the oxidizing agent content, the add content 
30 and the base content. The etching rate can be measured by an appropriate method, but It is preferably measured by 
immersing the wafer with the working surface In the aqueous dispersion at 5-40*C. onjinary pressure for 5-30 nnlnutes. 
and then determining the amount of loss of the film thickness of the metal layer. 

[0056] According to the invention, the etching rate Is adjusted by adjusting the composition and pH of the aqueous 
dispersion to produce an aqueous disperston for CMP having the desired polishing performance. 

35 [0057] CMP of a polishing surface using an aqueous disperston for CMP according to the invention can be polished 
underthe prescribed polishing conditk)ns with a commercialiy available chemteal mechanical pollshbig apparati^ (such 
as ModerLGPSIO-or-LGPSSTby LapnwsterSFTCo.. Ltd.; Model "EPO-HZ", "EPO-113*and"EPO-222" by Ebara 
Corp.; Model "Mina" by Applied Materials Corp.; and Model "AVANTI-472" by AlPEC Corp.). 
[0058] It is prefenred for the abrasive remaining on the pdlshlng surface to be removed after polishing. The abrasive 

40 may be removed by a comnrK>n washing method. When the ^rastve consists of only organto partkrles, the polishing 
surface may be heated to high temperature In the presence of oxygen to bum off the organic abrasives for their removal. 
The spedfte buming method used may be an ashing treatment method with plasma whereby oxygen radicals are 
supplied in a downfk>w for exposure to oxygen plasma; this allows the residual organb abrasives to be easily removed 
from the poltehlng surface. 

45 

[Embodiments of the Invention] 

[0059] The present invention will now be explained in greater detail by way of examples. 

so (1) Expertmental Exanr^te 1 

[0060] Aqueous dispersions for CMP were prepared for Exantples 1 A to 1 9A and Comparative Examples 1 A to 4A, 
and were evaluated. 

S5 Example 1A 

[0061] There was prepared 100 parts by weight (hereunder referred to simply as "parts") of an aqueous di^rsten 
for CMP In whteh 5 parts of slliccmolybdk; add was dissolved and 5 parts of fumed siltea (#90. produ« of Nippon 
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Aerosil Co., Ltd.) was dispersed. The pH of ^e aqueous dispersion was 1 J5. 

[0OG2] A blanket wafer ("W-Blankef . product of SKW Assodates Corp.) wtth a tun^ten layer was immersed tn the 
aqueous dispersion at 25°C for 30 minutes, and the film thtokness toss after 30 minutes was detemnined by measuring 
the sheet resistance with a resistance measuring Instrument (Model Sigma 5, product of NSP Corp.) according to the 
4-probe method; the etching rate was catoulated and found to be 12 A/min. Also, an 6-fnch themial oxidation filnn* 
coated sQk^on wafer coating film (product name: "W-Blankef , film thickness: 1 0.000 A, product of SKW Associates 
Corp.) was set in a chemical mechanteal polishing apparatus (Model "EFO-1 1 2*. prcK^uct of EbaraCorp.). and a porous 
potyurethane polishing pad (produ^ name: "ICIOOO" by Rode! Nitta Corp.) was used for polishing with a load at 300 
g/cm^. The urethame pad surface was subjected to one minute of rotary polishing with ^e table at 50 rpm and the head 
at 50 rpm while supptying the aqueous dlsper8k>n at a rate of 200 cc/mln. As a result, the renu>val rate as noeasured 
wtth an Omnlmap RS-75 (product of KLA-Tencor Corp.) was 2700 A/min. To evaluate the uniformity, the vnthin wafer 
non*un[fomaity (WIWNU) was measured by 49 point diameter scan. 3mm edge excluston, resulted In that 3 o was 
8.5%. For evaluation of the con-oslon, patterned wafers with a 0.28 ^m diameter contact hole were 30% over-polished 
and the number of keyholes observed; only two keyholes were found out of 1 00 contact holes. 

Examples 2A-1 OA and Comparative Examples 1 A and 2A 

[0063] The abrasive, heteropotyacid and piH were changed as shown in Table 1 , and the etching rates and polishing 
performance on tungsten 
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films were evaiuated In the same manner as Example 1 A. The results are shown in Tabte 1 . The pH was adjusted by 
addition of KOH where necessary. 

[0064] According to the resu!te in Table 1, tho etching rates woro 34 A/mIn or (sss In Examples 1A to 10A. The 
rennovat rates were 1900 A/m!n or greater, whk;h were suf^ent rates of polishing, few or no keyholes were found 
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due to corrosion, and ^us no problem was posed. On the other hand, Comparative Example 1 A exhibited the problem 
of numerous keyholes duo to corrosion, while Comparative Example 2A exhibited the problem of an insuffidcnt rate 
ot polishing. 

5 Example 11 A 

[0065] There was prepared 1 00 parts ot an aqueous dispersion for CMP adjusted to pH 4 with KOH, In which 2 parts 
of silicomolybdic acid was dissoh^ed and 1 part of fumed silica (#90. product of Nippon Aerosil Co., Ud.) was dispersed. 
[0066] A blanlcet wafer ("Cu-Blanlcer, product of (MAT Corp.) with a copper layer was immersed in the aqueous 

10 dispersion at 25'C for 30 minutes, and the film thickness loss after 30 min utes was detenmined by measuring the sheet 
resistance with a resistance measuring instrument (Model SIgnui 5. product of NSP Corp.) according to the 4-probe 
method; the etching rate was calculated and found to be 1 4 A/mln. Also, an 8-Inch themnai oxidation flfrn-coated silicon 
wafer coating copper film (product name: "Cu-BIanker , film thteictess: 1 0,000 A, product of IMAT Corp.) was set In a 
chemteai mechanteal potishing apparatus (Model "EPO-IIZ", product of Ebara Corp.). and a porous potyurethane 

15 polishing pad (product name; MCI 000" by Rode! Nitta Corp.) was used for polishing with a load at 300 gfcrr^. The 
urethane pad surface was subjected to one minute of rotary polishing with the table at 50 rpm and the head at 50 rpm 
while supplying the aqueous dispersion at a rate of 200 oc/mln. As a result, the removal rate as measured with an 
Omnimap RS-75 {product of KLA-Tencor Corp.) was 4900 A/min. The WiWNU was measured by the same mettiod as 
Example 1 A, resulted in tiiat 3 o was 21%. For evaluatton of the conwion, patterned wafers with a 0.28 \vm dtemeter 

20 contact hole were 30% over-polish ed and the nisrvber of keyholes obse wed; no keyholes were found out of 1 00 contact 
holes. A wiring-patterned wafer (SKW$-2, product of SKW Corp.) was also 30% over-polished, and the dishing of a 
1 00 ^m v^ring wk^th was evaluated to be a satisfactory 600 A. 

Examples 1 2A-1 9 A and Comparative Examples 3A and 4A 

25 

[0067] The heteropolyacid, pH and abrashfe were changed as shown In Table 2, and the etching rates and potishing 
perfonmance on copper films were evaluated in the same nmnner as Exannple 11 A. The results are shown In Table 2. 
The pH was adjusted by addition of KOH whore necessary. 

[0068] According to the results In Table 2, the etching rates were 23 A/min or less in Examples 11 A to 19A, The 
30 removal rates were 2900 A/mln or greater, which were suffteient rates of polishing. Also, few or no keyholes weri found 
due to conT>slon, and thus no problem was posed. On the other hand. Comparative Example 3A exhibited the problem 
of numerous keyholes due to corroston, while Comparative Example 4A exhibited the problem of an insufficient rate 
of polishing. 
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(2) Experimental Example 2 



[C<^9] Aqueous di^rstons for CMP wcro prepared for Examples 1 B to 15B and Corrtpamtlve Examples 1 B to 58, 
and were evaluated. 
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Example 18 

[O070] An aqueous dispersion for CMP was prepared by dissolving 5 wt% of sllicomol^lc add (product of Wako 
Junyaku Co., Ltd.) and 1 wt% of oxalic acid (product of Wako Junyaku Co., Ltd.) In water and further dispersing 5 wt% 

5 of fumed slltca (#90, product of Nippon Aeroell Co.. Ltd.). The pM of the aqueous dispersion was 1 .5. 

[0071] A blanket wafer CW-BIankef, product of SKW Associates Corp. ) with a tungsten layer was Immersed in ^e 
agueous dispersion at 25*C for 30 minutes, and the ftim thk^kness k)S8 after 30 minutes was detemiined by measuring 
the sheet resistance wth a resistance measuring instrument (Model Sigma 5, product of NSP Corp.) according to the 
4-probe method; the etching rate was cak^ulated and found to be 13 A/mln. Also, an 8-Inch thermal oxidation film- 

10 coated slik»n wafer coating film (product name: "W-BIankeT, film thtckness: 10,000 A, product of SKW Associates 
Corp.) was set in a chemical mechantoal polishing apparatus (Model 'EPO-1 1 2", product of Ebara Corp.). and a porous 
polyurethane polishing pad (product name: "IC1 000" by Rodel NItta Corp.) was used for polishing with a load at 300 
g/cm^. The urethane pad surface was subjected to one minute of rotary polishing with the table at 50 rpm and the head 
at 50 rpm while supplying the aqueous dispersion at a rate of 200 cc^mln. As a result, the removal rate as measured 

IS with an Omnlmap RS-75 (product of KLA-Tencor Corp.) was 2900 A/min. The WiWNU was measured by the same 
method as Exannpte 1 A. resulted in that 3 o was 8.5%. For evaluation of the corroston. patterned wafers with a 0.28 
p.m diameter contact hole were 30% over-poilshed and the number of keyholes observed; only two keyholes were 
found out of 100 contact holes. 

[0072] A wiring-patterned wafer ("SKWS*, product of SICW Corp.) was also 30% over-polished, and the dishing of a 
20 1 CO ^m wiring width was evaluated to be a satisfactory 500 A. 

Examples 2B-6B and Comparative Examples 1 B. 2B 

[0073] The abrasive, heteropolyacid or other oxidizing agent, as well as the type and amount of organic acid and 
ss the pH, were changed as shown in Table 3. and the etching rates and polishing perfonnance on tungsten films were 
evaluated In the same nnanner as Exanr^le 1 B. The results are shown In Table 3. 

[0074] The high purity colloidal 8ilk:a used for Examples 2B and 4B. the fumed alumina used for Example SB and 
the poiymethyl methacrylate partk:les used for Example 6B were <^]tained by the methods described below. The phos- 
phoromolybdk: acid used was a product of Wako Junyaku Co., Ltd. The pH was also adjusted by addition of KOH 
30 where necessary. 

Synthesis of high purity collokial siitea (Examples 28. 4B) 

[0075] The high pu rity coiloidal silica used was pr^ared by solvent replacement of a condensate of tetraethoxysilane 
3s in an ethanoVwater mixed solvent using ammonia as the catalyst in water, as described in J. of Colloid and Interface 
Science. 26. 62*69(1 968). Two types of high purity colloidal siltea with particle sizes of 39 nm and 67 nm were synthe- 
sized by changing the ethanoUwater ratk>. 

Fumed alumina (Example SB) 

40 

[0076] A dispersion of "Ahimina C" (trade name of Degusa Corp.] was used. 

Synthesis of 0.2 um poiymethyl methacrylate (Example SB) 

45 [0077] After loading 96 parts of methyl methacrylate. 4 parts of methacrylte acid, 0.1 part of ammonium tauryt sulfate. 
0.5 part of ammonium persutfate and 400 parts of ton-exchanged water Into a 2-ltter flask, the temperature was raised 
to 70^C while stirring in a nitrogen gas atmosphere, for 6 hours of polymerization. This ytek^ed an aqueous dispersion 
comprising carboxyl group-containing anionte polynwthyl methacrylate polymer fine partfeies with a mean parttele size 
of 0.2 ^m (hereunder referred to as "0.2 ^m PMMA partk:les"). The potyn)er1zation yield was 95%. 
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[0078] According to the resufts in Table 3, the etching rates were 20 fjmln or less tn Ejmmptes 1 B to 6B. The removal 
rates were 2000 A/min or greater, which were sufficient rates of polishing. Also, few or no keyholes were found due to 
conroslon, and thus no problem was posed. On the other hand, Comparative Example IB exhibited the problem of 
numerous keyholes due to conoslon, while Comparative Example 2B exhtoited the problem of an Insufficient rate of 
polishing, and evaluation of the keyholes, dishing and In-plane homogeneity was not possible. 

Example 7B 

[0079] An aqueous dispersion for CM P adjusted to pH 4 with KOH was prepared by dissolving 2 wt% of slllconrwlybdk: 
acid (product of Wako Junyaku Co., Ltd.) In water and 1 wt% of malete acW (product of Wako Junyaku Co., Ltd.) and 
further dispersing 1 wt% of fumed silica (#90, product of Nippon AerosU Co., Ltd.). 

[0080] A blanket wafer fCu-Blanker, product of IMAT Corp.) with a copper layer was ImmerBed In the aqueous 
dispersion at 25*C for 30 minutes, and the film thickness toss after 30 minutes was detemilned by measuring the sheet 
resistance with a resistance measuring Instrument (Model Sigma 5. product of NSP Corp. ) according to the 4-probe 
method; the etching rate was calculated and found to be 1 2 A/min. Also, an 8-Inch thennal oxidation film-coated silbon 
wafer coating copper film (product name: "Cu-Blanket" , film thtekness: 1 0,000 A. prodiK:t of IMAT Corp.) was set in a 
chemk:al mechantoat polishing apparatus (Model "EPO-112*, product of EbaraCorp.), and a porous polyurethane 
polishing pad (product name: "IC1(K)0* by Rodel Nitta Corp.) was used for polishing with a load at 300 gfcm^. The 
urethane pad surface was subjected to one nriinute of rotary polishing with the table at 50 rpm and the head at SO rpm 
while supplying the aqueous disperBion at a rate of 200 cc/min. As a result, the removal rate as measured with an 
Omnlmap RS-75 (product of KLA-Tencor Corp.) was 5300 A/mln. The WIWNU was measured by the same method as 
Example 1 A, resulted In that 3 o was 1 8.0%. For evaluation of the corrosfon, patterned wafers with a 058 \un diameter 
contact hole were 30% over-polished and the number of keyholes obsenred; no keyholes were found out of 1 00 contact 
holes. A wiring-patterned wafer (SKW6-2, product of SKW Corp.) was also 30% over-polished, and the dishing of a 
1 00 (im wiring wklth was evaluated to be a satisfactory 600 A. 

Examples 8B-12B and Comparath^e Examples 3B. 4B 

[0081] The abrash^e, heteropotyadd or other oxidizing agent, as well as the type and amount of organic acid and 
the plH, were changed as shown in Table 4, and the etching rates and polishing performance on copper filnrrs were 
evaluated In the same manner as Example 7B. The results are shown in Table 4. 

[0082] The high purity collokSal sllkxa, fumed alumina and 0.2 (im PMMA partbtes were obtained by the same method 
as those in Table 3. The siik^omolybdlc add used was a product of Vy^ko Junyaku Co., Ltd. 
[0083] The pH was also actuated by addition of KOH where necessary. 

[0084] According to the results In Table 4, the etching rates were 21 A/hnln or less In Examples 78 to 12B. The 
removal rates were 2900 A/min or greater, which were sufftelent rates of polishing. Also, few or no keyholes were found 
due to com>sion, and thus no problem was posed. On the other hand. Comparative Example 3B exhibited the problem 
of numerous keyholes due to corroston* while Comparative Example 46 exhibited the problem of an Insufftelent rate 
of polishing, and evaluatton of the keyholes, dishing and in-plane homogeneity was not possible. 
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Example 13B 

[0085] An aqueous dispersion for CMP adjusted to pH 4 with KOH was prepared by dissolving 4 wt% of silicomot^Kiic 
acid (product of Wako Junyaku Co. , Ltd,) and 1 wt% of msilonlc acid (product of Wako Junyaku Co., Ltd.) in water and 

5 further dispersing 2 wt% of fumed alumina ("Alumina C", product of Degusa Corp.). 

[0086] A blanket wafer with an aluminum layer was inrvnersed in the aqueous dispersion at26*C for 30 minutes* and 
the film thickness loss after 30 minutes was determined by measuring the sheet resistance with a resistance measuring 
instrument (Mode) Sigma 5, product of NSPCorp.) according to the 4-probe method; the etching rate was calculated 
and found to be 1 0 A/min. Also, an 8-lnch thenmat oxidation film-coated silicon wafer coating aluminum fltm (film thick- 

10 ness: 6,000 A) was set in a chemtoal mechantoal polishing apparatus (Model "EP0-1 1 product of Q)ara Corp.). and 
a porous potyurethane polishing pad (product nanr^: "ICI 000' by Rodel Nitta Corp.) was used for polishing with a toad 
at 300 g/cm^. The urethane pad surface was subjected to one minute of rotary polishing with the table at 1 00 rpm and 
the head at 100 rpm while supplying the aqueous dispersion at a rate of 200 cc/mln. As a result, the rennoval rate as 
measured with an Omnimap RS-TO (product of KLA-Tencor Corp. ) was 3900 A/hfiln. The WlWNU was nrwasured by 

IS the same method as Example 1 A. resulted In that 3 o was 15.3%. For evaluation of the corrosion, pattemed wafers 
with a 0.28 ^m diameter contact hole were 30% over-polished and the number of keyholes observed; no keyholes 
were found out of 100 contact holes. A wtring-pattemed wafer was also 30% over-poilshed, and the dishing of a 100 
^m wiring width was evaluated to be a satisfactory 900 A. 

20 Examples 14B-15B. Comparative Example SB 

[0087] The abrasive, heteropoiyactd or other organk: acid, as well as the type and amount of organte acid and the 
pH , were changed as shown in Table 5, and the etching rates and polishing performance on copper fiinns were evaluated 
in the same manner as Example 13B. The results are shown In Table 5. 
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[C088] The high purity colloidal silica and phosphoromolybic add were obtained by the same method as those in 
Table 3. The pH was also adjusted by addition of KOH where necessary. 

[0089] According to the results in Table 5, the etching rates were 25 A/mIn or less In Exarr^les 13B to 15B. The 
removal rates were 2800 A/mln or greater, which were sufficient rates ot polishing. Also, few or no keyholes were found 
5 due to corrosion, and thus no problem was posed. On the other hand, Comparative Example SB exhibited the problem 
of an insufficient rate of polishing, and evaluation of the keyholes, dishing and In-piane homogeneity was not possible. 

(3) Experimental Example 3 

10 [0090] Aqueous dispersions for CMP were prepared for Examples 1 C to 11 C and Comparative ExannpJes 1 C to SC. 
and were evaluated. 

Synthesis of colloidal silica 

13 [0091] The colloidal silica used was prepared by solvent replacement of a condensate of tetraethoxysPane in an 
ethanol/water mixed solvent using ammonia as the catalyst In water, as described in J. of Colloid and Interface Science, 
26, 62-69(1968), after concentration. Three types of high purity colloidal 6ilk:a with mean secondary parttele sizes of 
39 nm, 67 nm and 1 25 nm were synthesized by changing the e^anolAwater ratk), the ammonia content and the reaction 
temperature. Calculation of the primary particle sizes from the specific surface areas of each colloidal silica measured 

20 by the BET nriethod gave values of 1 5 nm, 35 nm and 75 nm. 

[0092] Measurement of the sodium content of each colloidal sllk:a by the atomk: absorption method gave values of 
1 ppm, 0.7 ppm and 0.9 ppm. 

Example 1C 

25 

[0093] An aqueous dispersion for CMP was prepared by dissolving 3 wt% of slllcomotybdic acid (product of Wako 
Junyedcu Co., Ltd.) in water and further dtepersfng 5 wt% of colloidal silica with a primary particle size of 1 5 nm. The 
pH of the aqueous dispemlon was 1 .9. 

[0094] A blanket wafer ("W-Blankef, product of SKW Associates Corp.) with a tungsten layer was immersed In the 
30 aqueous dispersion at 25*C for 30 minutes, and the film thk^kness loss after 30 minutes was determined by nteasuring 
the sheet resistance with a resistance measuring instrument (Model Sigma 5, product of NSP Corp.) according to the 
4-probe method; the etching rate was catoulated and found to be 12 A/min. ^so. an 8-inch thermal oxidation film- 
coated siikx>n wafer coating film (product name: "W*Blanket", film thickness: 10,000 A, product of SKW Assodates 
Corp.) was set in a chemical mechanical polishing apparatus (Model "EPO-11 2", product of EbaraCorp.), and a porous 
35 potyurethane polishing pad (product name: 'ICIOOO' by Rodei Nitta Corp.) was used for polishing with a load at 300 
g/cm2. The urethane pad surface was subjected to one ntinute of rotary polishing with the table at 50 rpm and the head 
at 50 rpm while supplying the aqueous dispersion at a rate of 200 co^mln. As a result, the rerrtoval riste as measured 
v/ith an Omnlmap RS-75 (product of KLA-Tencor Corp.) was 2500 A/rrin. The WiWNU was measured by the same 
method as Example 1A. resulted in that 3 c was 9.2%. Also, the number of scratches (Kt) produced on the entire 
40 polishing surface (represented as *Sr, units: mm^ was measured with a wafer surface matter scanning apparatus 
("Surfacescan SPr. product of KLA Tencor Co., Ltd.). and calculation of the number of scotches per unit area (10-^ 
mm^, 100 x 100 ^m square region) according to the formula given below yielded a result of one scratch per unit area. 

Scratch counting method 

45 

Number of satitches per unit area = Kt/{St/10"2) 

[0095] ForevaluBtionofthecorroslon,pattemedwafer8wltha0.28^mdiametercontactholewere30%over-pofIshed 
and the number of keyholes obsen/ed; no keyholes were found out of 100 contact holes. A wiring-patterned wafer 
so (SKW5, product of SKW Corp.) was also 30% over-poltshed, and the dishing of a 1 00 (im wiring width was evaluated 
to be a satisfactory 780 A. 
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Examples 2C-4C and Comparative Examples 1C. 2C 

[0096] The colloidal silica, heteropolyacid or other oxidizing agent, as weii as the type and amount of organic acid 
and the pH, were changed as shown in Table 6, and the etdiing rates and polishing performance on tungsten Ums 
s were evaluated in the same manner as Example 1C. The results are shown In Table 6. 
[0097] The pH was also adjusted by addition of KOH where necessary. 

[0098] The phosphoromolybdic acid used for Exanr^Ie 4C was a product of Wako Junyaku Co.. Ud. The funrwd 
alumina used for Comparative Example 2C was prepared by dispersion of "Alumina C* {pro^ucX of Degusa Corp., 
primary partfcle size: 13 nm). 

10 [0099] According to the results in Table 6. the etching rates were 20 A/min or less In Examples 1 C to 4C. The removal 
rates were 2100 A/mln or greater, whfch were sufficient rates of poHshing. Also, there were few or no scratches or 
keyholes due to con-oslon, and thus no problem was posed. On the other hand, Comparative Example 1C exhibited 
the problem of a high etching rate, considerable dishing and a large nunnber of keyholes due to corroston. while Conv 
parative Example 2C exhibited the problem of a targe number of scratches. 

IS 

Example 5C 

[01 00] An aqueous dispersion for CM P adjusted to pH 4 with KOH was prepared by dissolving 2 wt% of silbomolybdic 
acid (product of Wako Junyaku Co.. Ud.) and 2 wt% of maleic acid (product of Wako Junyaku Co., Ud.) in water and 

20 further dispersing 2 wt% of coilokial silica vi\ti\ a prfnnary partk:le size of 15 nm was dispersed. 

[0101] A blanket wafer f Cu-BIankef, product of IMAT Corp.) with a copper layer was inrvnersed In the aqueous 
disperston at 25^0 for 30 minutes, and the film thickness k)ss after 30 minutes was determined by measuring the sheet 
resistance with a resistance measuring Instrument (Model Sigma 5. product of NSP Corp.) according to the 4-probe 
method; the etching rate was calculated and found to be 12 A/mln. Also, an S-inch thermal oxidation fllm-coated sllbon 

25 wafer coating copper film (product name: "Cu-Blanker . film thtekness: 1 0,000 A, product of IMAT Corp.) was set In a 
chemk^al mechank:al polishing apparatus (Mode) ''EPO-112', product of Ebara Corp.), and a porous polyurethane 
polishing pad (product name: "ICIOOO" by Ro<tel Nltta Corp.) was used for polishing with a load at 300 g^cm^. The 
urethane pad surface was subjected to one minute of rotary polishing with ^e table at 50 rpm and the head at 50 rpm 
while supplying the aqueous dispersion at a rate of 200 cc/mln. As a result, the removal rate as measured with an 

30 Omnimap RS-75 (product of KLA-Tencor Corp.) was 6400 A/hiin. The WIWNU was measured by the same method as 
Example 1 A, resulted in that 3 o was 1 7.5%. Also, cateulatton of the number of scratches (Kt) produced on the entire 
potisning surface with a wafer surface matter scanning apparatus ("Surfacescan 8P1", product of KLA Tenoor Co., 
Ltd.), yielded a result of one scratch per unit area. 

[0102] A wiring-patterned wafer {SKW6-2, product of SKW Corp.) was also 30% overiDOiished, and the dishing of a 
35 1 00 (un wiring wktth was evaluated to be a satisfactory 650 A. 

Examples SC-SC. Comparative Examples 3C. 4C 

[0103] The colloidal silks, heteropolyacid or other oxidizing agent as well as the type and amount of organfe 8c)6 
40 and the pH, were changed as shown In Table 7. and the etching rates and polishing performance on copper films were 
evaluated in the same manner as Example 5C. The results are shown In Ta^le 7. 

[0104] The silbotungstk: acid used was a product of Wako Junyaku Co.. Ltd. The phosphoronDOlyt>dk; acki and fumed 

alumina were stained In the same manner as those In Table 6. 

[0105] The pH was also adjusted by addition of KOH where necessary. 

45 



SO 



55 



20 



EP1 123 956 A1 



^ s 

^ 8 




CO 


O 




CM 


S5 






CO 




CO 


CO 




dishmf 
(A) 


s 


8 

CO 


s 

u> 


o 
o 




s 

o 


removal 
raja 

(A/tlnin; 




§- 




s 


8 

CM 
CO 


8 . 


etching 
nte 

CA/min; 




0} 


to 




o 
to 








U> 


15 


■ 






organic acid 

» types 
(content) 




1 


ll 
i 


1 




1 


Ill 
o 


1 


1 


1 


1 


•s 

X 

e _ 

p 

1 


1 


heteropolyactd 
types 
(content) 


1 

o 

1 ^ 

m 


o 

1 


-o 

A V 

«0 

Jg 


1 

o ^ 

f! 

• 


1 


■o 


III 

1 St 


1 

:i 


1 

11 

•8 

"8 


o 

If 

•8 

1 
8 


« in 

75 

1 


E 
c 
to 

1 


If 

J 








o 


O 






8et<luinc3 


Goiduieig 

OAr^RiVdUJOQ 



21 



EP1 123 956A1 

[01 According to the results in Table 7. the etching rates were 25 A/mln or less In Examples 6C to 8C. The rentoval 
rates were 4200 AAnin or greater, which were sufficient rates of polishing. Also, very few scratches were found, and 
thus no problem was posed. On the other hand, Con^parative Example 3C exhibited the problem of a high etching rate 
and considerable dishing, while Con^paratlve Example 4C exhibited the problem of a large number of scratches. 

5 

Exanrple &C 

[01 07] An aqueous dispersion for CM P adjusted to pH 4 with KOH was prepared by dissolving 5 wt% of sillconrwtybdic 
acid (product of Wako Junyaloi Co., Ltd.) and 2 wt% of malonlc acid (product of Waico Junyaku Co., Ltd.) In water and 

fo further dispersing 3 wt% of colloidal silica with a primary particle size of 15 nm. 

[01 08] A blanlcet wafer with an aluminum layer was Immersed in the aqueous dlspereton at 25*0 for 30 minutes, and 
the film thickness loss after 30 minutes was detemnlned by measuring the sheet resistance with a resistance measuring 
instrument (Model Sigma 5. product of NSP Corp.) according to the 4-probe method; the etching rate was calculated 
and found to be 1 5 A/mln. Also, an 8-inch thermal oxidation film-coated silicon wafer coating aluminum film (film thick- 

^5 ness: 6,000 A) was set in a chemical mechanical polishing apparatus (Model "EPO-1 1 2", product of Ebara Corp.), and 
a porous potyurethane polishing pad (product name: '101 000" by Rodel Nitta Corp.) was used for polishing with a load 
at 300 g/cm^. The urethane pad surface was subjected to one minute of rotary polishing with the table at 1 00 rpm and 
the head at 1 00 rpm while supplying the aqueous dispersion at a rate of 200 cc/min. As a result, the rennova) rate as 
measured with an Omnimap RS-75 (product of KLA-Tencor Corp.) was 3200 A/mln. The WIWNU was measured bf 

^ the same method as Exa^le 1A, resulted In that 3 o was 19.2%. Also, calculation of the number of scratches (Kt) 
produced on the entire polishing surface with a wafer surface matter scanning apparatus ("Surfacescan SP1", product 
of IdJV Tencor Co., Ltd.), yiekied a result of 3 scratches per unit area. A wirlng-pattemed wafer was also 30% over- 
pollshed, and the dishing of a 1 00 ^m wiring width was evaluated to be a satisfectory ^0 A. 

25 Examples 10C-11C. Comparative Example 50 

[0109] The colloidal silk», heteropotyackl or other organk: acid, as well as the type and amount of organk: acid and 
the pH, were changed as shown in Table 8, and the etching rates and potishing performance on aluminum fikns were 
evaluated in the same manner as Example 90. The results are shown In Table 8. 
30 [01 1 0] The pH was also adjusted by addition of KOH where necessary. 

[0111] According to the results in Table 8, the etching rates were 25 AAnin or less In Examples 90 to 110. The 
removal rates were 2500 A/nnin or greater, which were sufficient rates of polishing. Also, very few scratches were found, 
and thus no problem was posed. On the other hand, Conrtparatfve Example 50 exhibited the problems of a high etching 
rate, considerable dishing and a large numt>er of scratches. ^ 
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[0112] There is provided an aqueous diversion for CMP with an excellent balance between chemical etching and 
mechantea! polishing performance. The aqueous dispersion for CMP ot the invention Is characterized by comprising 
an abrasive, water and a heteropot/acld. Another aqueous diversion for CMP according to the Invention \s charac- 
terized by comprising an abrasive, water, a heteropotyadd and an organto acid. Yet another aqueous dispersion for 
5 CMP according to the Invention Is characterized by comprising colloidal silica with a primary particle size of 5-1 00 nm. 
water and a heteropolyacld. Preferred for the heteropolyacld Is at least one type selected from among sllIcomoIyt)dic 
acid, phosphorotungstic acid, silicotungstlc add, phosphoromotybdic acid and sillcotungstomolybdic acid. Preferred 
for the organic add is at least one selected from among oxalic add, matonlc acid, sucdnlc add, glutark: add, adipic 
add, malek: add. f unr^ric add, phthalic add, matic add, tartaric add and dtric add. 

ro 

Ctalms 

1 . An aqueous dispersion for chemical nrtechanical polishing characterized by comprising an abrasive, water and a 
IS heteropolyadd. 

2. An aqueous dispersion for chemical mechanical polishing according to claim 1 , characterized in that said heter- 
opolyacld is at least one selected from among sitlcomolybdlc acid, phosphorotungstic add, silicotungstic acid, 
pho8phoromotyt>dic acid and slilcotungstomotybdic add. 

20 

3. An aqueous dispersion for chemical mechanical polishing according to da^ 1 , characterized by being used for 
polishing of a polishing surface with a tungsten film. 

4. An aqueous dispersion for chemical mechanical polishing according to datn 1 , characterized by being used for 
ss polishing of a polishing surface with at least one from among copper filnfts, aluminum films, ruthenium films, tantalum 

films, titanium flints and platinum films. 

5. An aquTOUs dispersion for chemicat mechanical polishing according to dalm 1 . characterized in that upon contact 
with the nrtetal layer of a polishing surface, the etching rate of said metal layer is 100 A/hnln or less. 

30 

6. An aqueous dispersion for chemical mechanical polishing, characterized by oompiising an abrasive, water, a het- 
eropotyadd and an organic add. 

7. An aqueous dispersion for chemical nrtechanical polishing according to dalm 6, characterized in that said heter- 
3S opolyacid is at least one selected from among siiicomolybdic add, phosphorotungstic add, silicotungstic acid, 

phosphoromotybdic acid and sllicotungstomotybdic add. 

8. An aqueous dispersion for chemical mechanical polishing according to daim 6, characterized in that said organic 
add has two or more cart>oxy1 groups in one molecule. 

40 

9. An aqueous dispersion for chemical mechanical polishing according to dalm 8, characterized in that sedd organic 
add is at least one selected from among oxalic acid, malonic acid, succinic acid, glutaric add, adipic add, nruileic 
add, funruiric acid, phthalic add, malic add. tartaric add and citric add. 

45 10. An aqueous dispersion for chemical mechanical polishing according to daim 6. characterized by being used for 
polishing of a polishing surface with a tungsten film. 

11 . An aqueous dispersion for chemical mechanical polishing aocordlrfg to daim 6, characterized by being used for 
poltshlngof a polishing suriace with at least one from among copper films, aluminum films, ruthenium films, tantalum 

so films, titanium films and platinum fi^. 

12. An aqueous dispersion for chemical mechanical poitehing, characterized by comprising colloidal silica with a pri- 
mary partide size of 5-1 00 nm, water and a heteropotyadd. 

53 13. An aqueous dispersion for chemical mechanical polishing according to claim 1 2, characterized In that sakl colloidal 
silica Is colloidal silica obtained by hydrolysis and condensation from an alKoxysHane. 

14. An aqueous diversion for chemical mechanical polishing according to daim 12, characterized in tiiat said heter- 
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opolyadd is at least one selected from among siiicomoVbdic acid, phosphorotungstic acid, silicotungstic add, 
phosphoromotybdic acid and sincotungstomolybdic add. 

15. An aqueous dispersion for chemical mechanical polishing according to claim 12, characterized by further comprte- 
5 tng an organk: add. 

16. An aqueous dispersion for chemical mechanical polishing according to daim 12, characterized by being used for 
polishing of a poUshIng surface with a tungsten fHm. 

10 17. An aqueous dispersion for chemical mechanical polishing according to daim 12, characterized by being used for 
polishing of a polishing surface with at least one from among copper fihvs. aluminum films, ruthenium films, tantalum 
films, titanium films and platinum films. 
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